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(54) POSITIVE RADIATION-SENSITIVE COMPOSITION 

(57) The present invention relates to a positive- 
working radiation-sensitive composition which is char- 
acterized in that it is a positive-working radiation-sensi- 
tive composition containing polymer the solubility of 
which is increased in aqueous alkali by the action of 
acid, and a compound which generates acid by irradia- 
tion with radiation, and the ease of occurrence of main 
chain scission of said polymer by means of radiation is 
greater than that of polymethyl methacrylate, and it also 
relates to a positive-working radiation -sensitive compo- 
sition which is characterized in that it contains an alkali- 
soluble polymer, a compound having the effect of sup- 
pressing the alkali-solubility of said alkali-soluble poly- 
mer and the suppression effect of which is lowered or 
eliminated by the action of acid, and a compound which 
generates acid by irradiation with radiation, and the 
ease of occurrence of main chain scission of said alkali- 
soluble polymer by radiation is greater than that of 
polymethyl methacrylate. 

By means of the present invention it is possible to 
obtain a high sensitivity positive-working radiation-sen- 
sitive composition of resolution which makes possible 
sub quarter micron pattern processing. 



CO 

o 



CL 
LU 



printed by Xerox (UK) Business Services 
2.16.7 (HRSJ/3.6 



EP 1 031 880 A1 

Description 
Technical Field 



[0001] The present invention relates to a positive-working radiation-sensitive composition which is used to produce 
semiconductor integrated circuits, masks for lithography and the like. 

Technical Background 

r00021 In recent years, in fields such as the production of semiconductor circuits and masks for lithography, in order 
to acLe ever finer patterns as densities of circuits are increased, still higher degrees of reso.ut.on have been 
demanded of the resist materials, and it has become necessary to be able to carry out sub-quarter micron (<0.25 pm) 
pattern processing at high sensitivity. With lithography of the kind carried out hitherto wh.ch employs rad.at.on sources 
comparatively long wavelength, such fine processing is difficult, and so lithography employ.ng , still shorter wav^eng* 
de^Taviolet. X-rays or electron beams is being investigated, and resists surtable for such rad.at.on sources are 

fooOsf^RecStiy as known resist materials with the high sensitivity and high resolution for such radiation sources, 
chemically-amprrfied resists have been actively investigated. Chemically-amplified resists are res.sts emptors , a 
meSsm whereby an acid is generated in the exposed regions by the action of a photoaad generator and. by the 
caSS arfon oTSs acid, the solubility of the exposed regions is altered. Amongst such chem.cally-amplrf.ed res.sts. 

con^nents for snowing comparatively good resist properties there are atieady known res.sts ^ngres- 
frl where thegroups with alkali affinity in an alkali -soluble resin are protected by a t-butyl ester group oft-Woxyca*- 
onvl oroup (JP B-2 27660). resins where protection is carried out in the same way wrth s.lyl groups (JP-B-3-44290). 
°eSrl where protection is carried out in the same way with ketal groups (JP-A-7-140666) res.ns where protect.on ,s 
S out in me same way wrth acetal groups (JP-A-2-161436 and JP-A-5-249682). and resms conta.n.ng a 
Sa^ic add component (JP-A-4-39665). etc. However, resolution and sensitivity have a mutually confl.ct.ng rela- 
Slp and ufere^aTbeen the disadvantage that in obtaining the resolution to carry out sub^uarter m.cron pattern 
processing, the sensitivity is inadequate. 

30 Disclosure of the Invention 

[0004] This invention relates to a positive-working radiation-sensitive composition which is characterized in that it is 
a positive-working radiation-sensitive composition containing 

35 (1) polymer A, the solubility of which, in aqueous alkali solution, is increased by the action of acid (hereinafter 
referred to as polymer A), 
and/or 
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(2) alkali-soluble polymer B (hereinafter referred to as polymer B) and a compound which has the effect of sup- 
prS S al^Kbility of sad polymer and the suppression effect of which is .owered or el.m,nated by the 
action of acid (hereinafter referred to as dissolution inhibitor C). 
and 

a mmnminri which aenerates acid by irradiation with radiation, 
2d thTea?; trt^ne™*™* chain scission of said polymer A or B by means of radiation is greater than that 

of polymethyt methacrylate. 
Optimum Form for Practising the Invention 

SSSTlStr ie .«u=ed and. no,™.,* « 
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A or B possess the characteristic that the ease of occurrence of main chain scission by means of radiation is greater 
than that of polymethyi methacrytate. Furthermore, polymer of main chain scission efficiency value Gs at least 2.5 is 
more favourably employed. More preferably, the Gs value is at least 3.0 and no more than 50. If the Gs value is less 
than 2.5. then adequate sensitivity and resolution are not obtained, while if the Gs value is greater than 50 the polymer 
5 stability is no longer adequate. 

[0007] The Gs value expresses the number of main chain scissions per 100 eV irradiation energy of an electron 
beam of acceleration voltage 20 kV, and the following relation is established between the molecular weight of the poly- 
mer before and after irradiation. 

w 1/Mn* = 20.000GsD/100eN A + 1/Mn 

[0008] Here, D is the exposure dose (C/g) per 1 g of polymer; e is the charge on an electron; N A is Avogadro's 
number; Mn* is the number average molecular weight following exposure, as determined by GPC; and Mn is the 
number average molecular weight before exposure, as determined by GPC. From this formula, if 1/Mn*, which is the 
15 reciprocal of the molecular weight of the polymer following exposure as determined by GPC, is plotted against the expo- 
sure dose D, it is clear that the slope is 200Gs/eN A , and so Gs can be calculated. 

[0009] Polymer B employed in the present invention contains acidic functional groups which ordinarily manifest 
alkali solubility. As the acidic functional groups, there may be used phenolic hydroxyl groups, carboxyl groups, sulphoxy 
groups or the like. Polymer containing monomer units represented by general formula (1) may be cited as a particularly 
20 suitable example of polymer B (hereinafter these monomer units are simply referred to as monomer units B). 
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[0010] Here, R 1 represents a halogen atom or cyano group, and R 2 represents a hydrogen atom or a C2 to C 12 
organic group with acidic functional group(s). As specific examples of the halogen atom represented by R 1 , there are 
the fluorine atom, chlorine atom and bromine atom. As specific examples of the organic group with an acidic functional 
group, represented by R 2 , there are the carboxylmethyi group, p-hydroxyphenyl group, p-carboxyphenyl group and the 

35 like. As R 1 , a halogen atom is particularly preferably used. 

[001 1 ] Polymer A employed in the positive-working radiation-sensitive composition of the present invention can be 
obtained, for example, by replacing hydrogen atoms of the acidic functional groups contained in aforesaid polymer B 
(the hydrogen atoms in the case where R 2 is hydrogen) by one or more type(s) of acid labile group. 
[0012] Examples of acid labile groups are the methoxymethyi group, methylthiomethyl group, ethoxymethyl group, 

40 ethylthiomethyl group, methoxyethoxymethyl, benzyloxymethyl group, benzylthiomethyl group, phenacyl group, 
bromophenacyl group, methoxyphenacyl group, methylthiophenacyl group, a-methylphenacyl. cyclopropylmethyl 
group, benzyl group, diphenyl methyl group, triphenylmethyl group, bromobenzyl group, nitrobenzyl group, methoxyben- 
zyl group, methylthiobenzyl group, ethoxybenzyl group, methoxycarbonylmethyl group, ethoxycarbonylmethyl group, n- 
propoxycarbonyl methyl group, isopropoxycarbonyl methyl group, n-butoxycarbonylmethyl group, t-butoxycarbonylme- 

45 thy! group, propenyl group, 1 -methoxyethyl group, 1 -methylthioethyl group, 1,1-dimethoxyethyl group, 1 -ethoxyethyl 
group, 1 -ethylthioethyl group, 1,1-diethoxyethyl group, 1 -phenoxyethyl group, 1-phenylthioethyl group, 1,1-diphenoxye- 
thyl group, 1-benzyloxyethyl group, 1 -benzyfthioethyl group, 1 -cyclopropylethyl group, 1 -phenylethyl group, 1,1-diphe- 
nylethyl group. 1 -methoxycarbonylethyl group, 1 -ethoxycarbonylethyl group, 1 -n-propoxycarbonylethyl group, 1- 
isopropoxycarbonyl ethyl group, 1 -n-butoxycarbonylethyl group, 1 -t-butoxycarbonylethyl group, isopropyl group, s-butyl 

50 group, t-butyl group, 1,1-dimethylbutyl group, trimethylsilyl group, ethyldimethylsilyl group, methyldiethylsilyl group, tri- 
ethylsilyl group, isopropyldimethylsilyl group, methyldiisopropylsilyl group, triisopropylsilyl group, t-butyldimethylsilyl 
group, methyldi -t-butyl silyl group, tri -t-butyl silyl group, phenyldimethylsilyl group, methyldiphenylsilyl group, triphenylsilyl 
group, methoxycarbonyl group, ethoxycarbonyl group, isopropoxycarbonyl group, t-butoxycarbonyl group, acetyl group, 
propionyl group, butyryl group, heptanoyl group, hexanoyl group, valeryl group, pivaloyl group, isovaleryl group, lauroyl 

55 group, myristoyl group, palmitoyl group, stearoyl group, oxalyl group, malonyl group, succinyl group, glutaryl group, adi- 
poyl group, piperoyl group, suberoyl group, azelaoyl group, sebacoyl group, acryloyl group, propioloyl group, methacry- 
loyl group, crotonoyl group, oleoyl group, maleoyl group, fumaroyl group, mesaconoyl group, benzoyl group, phthaloyl 
group, isophthaloyl group, terephthaloyl group, naphthoyl group, toluoyl group, hydroatropoyl group, atropoyl group, cin- 
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namoyl group, furoyl group, thenoyl group, nicotinoyl group, isonicotinoyl group, p-toluenesulphonyl group, mesyl group, 
cydopropy! group, cyclopentyl group, cyclohexyl group, cydohexenyl group, 4-methoxycydohexyl group, tetrahydro- 
pyranyl group, tetrahydrofuranyl group, tetrahydrothiopyranyl group, tetrahydrothiofuranyl group, 3-bromotetrahydro- 
pyranyl group, 4-methoxytetrahydropyranyl group. 4-methoxytetrahydrothiopyranyl group, 3-tetrahydrothiophene-1,1- 
5 dioxide and the like. In particular, t-alkyl groups, 1-ethoxyaIkyi groups and the tetrahydropyranyl group are favourably 
employed. 

[001 3] In the case where polymer A or B employed in the present invention contains monomer units B represented 
by general formula (1), or where the hydrogen atom in the addic functional group (the hydrogen atom in the case where 
R 2 is a hydrogen atom) thereof has been replaced by an acid labile group (hereinafter referred to as monomer units A), 

10 said polymer may be composed only of such monomer units but. providing that the solubility characteristics of the par- 
ticular polymer in aqueous alkali solution are not impaired and the ease of main chain sdssion lies in the range above 
that of polymethyl methacrylate, then the polymer may also be a copolymer containing other monomer units. Examples 
of other monomer structures are acrylic acid, methyl acrylate. ethyl acrylate. hydroxyethyl acrylate. isopropyl acr ylate, 
n-butyl acrylate, t-butyl acrylate. methacrylic acid, methyl methacrylate. ethyl methacrytafe, hydroxyethyl methacrylate. 

15 isopropyl methacrylate. n-butyl methacrylate. t-butyl methacrylate, methyl a-chloroacrylate, ethyl a-chloroacrylate, 
hydroxyethyl a-chloroacrylate, isopropyl a-chloroacrylate. n-butyl a-chloroacrylate, t-butyl a-chloroacrylate, 2,2,2-trif- 
luoroethyl a-chloroacrylate. 2,2,3,3-tetrafluoropropyl a-chloroacrylate, methyl a-cyanoacrylate, ethyl a-cyanoacryiate, 
hydroxyethyl a-cyanoacrylate, isopropyl a-cyanoacrylate, n-butyl a-cyanoacrylate, styrene. p-hydroxystyrene, a-meth- 
ylstyrene, a-methyl-p-hydroxystyrene, maleic acid, maleic anhydride, crotonic acid, fumaric acid, mesaconic acid, citra- 

20 conic acid, itaconic acid, acrylonitrile, methacrylonitrile, crotononitrile, maleon'rtrile, fumaronitrile, metacononitrile, 
citracononitrile, itacononitrile, acrylamide, methacryl amide, crotonamide. maleamide, fumaramide. mesaconamide, crt- 
raconamide, "rtaconamide, vinyl aniline, vinyl pyrrolidone, vinyl imidazole and the like. 

[001 4] In the case where polymer A or B in the present invention contains monomer units other than monomer units 
A or B, the content of the monomer units A and/or B is preferably from 1 0 mol% to 1 00 mor%, and more preferably from 
25 20 mol% to 100 mol%. 

[0015] In polymer A of the present invention, the proportion of the hydrogen atoms in the addic functional groups 
replaced by acid labile group is preferably from 5% to 1 00%. more preferably from 1 0% to 1 00%, and in particular from 
20% to 100%. 

[001 6] The weight average molecular weight of polymer A or B in the present invention is from 5,000 to 1 ,500,000, 
30 more preferably from 10.000 to 1 ,000,000 and still more preferably 10,000 to 100,000, measured by GPC and based 
on polystyrene conversion. 

[001 7] The positive-working radiation-sensitive composition of the present invention contains an acid generating 
agent which generates acid by the irradiation of radiation. The add generating agent employed here may be of any kind 
providing that it is possible to bring about elimination of the add labile groups in the polymer by means of the add gen- 

35 erated. Onium salts, halogen-containing compounds, diazoketone compounds, diazomethane compounds, sulphone 
compounds, sulphonic acid ester compounds, sulphonimide compounds and the like can be cited as examples. 
[001 8] As specific examples of the onium salts, there are diazonium salts, ammonium salts, iodonium salts, sulpho- 
nium salts, phosphonium salts, oxonium salts and the like. As preferred onium salts, there are diphenyliodonium trif late, 
diphenyliodonium pyrene-sulphonate, diphenyliodonium dodecylbenzenesulphonate, triphenylsulphonium triflate, 

40 triphenylsulphonium hexafluoroantimonate. triphenylsulphonium naphthalene-sulphonate, (hydraxyphenyl)benzyl- 
methylsulphonium toluenesulphonate and the like. 

[0019] As specific examples of the halogen-containing compound, there are haloalkyl group-containing hydrocar- 
bon compounds, haloalkyl group-containing heterocyclic compounds and the like. Preferred examples of the halogen- 
containing compounds are 1,1-bis(4-chlorophenyl)-2,2,2-trichloroethane, 2-phenyl-4,6-bis(trichloromethyl)-s-triazine 

45 and 2-naphthyl-4,6-bis(trichloromethyl)-s-triazine. 

[0020] As specific examples of the diazoketone compounds, there are 1 ,3-diketo-2-diazo compounds, diazobenzo- 
quinone compounds, diazonaphthoquinone compounds and the like. Preferred examples of the diazoketone com- 
pounds are the ester of 1 ,2-naphthoquinonediazide-4-sulphonic add and 2,2,3,4,4 , -tetrahydroxybenzophenone. and 
the ester of 1,2-naphthoquinonediazide-4-sulphonic acid and 1,1,1-tris(4-hydroxyphenyl)ethane. 

so [0021 ] As specific examples of the diazomethane compound, there are bis(trif luoromethylsulphonyl)diazomethane. 
bis(cydohexylsulphonyl)diazomethane. bis(phenylsulphonyl)diazomethane, bis(p-tolylsulphonyl)diazomethane, 
bis(2,4-xylylsulphonyl)-diazomethane, bis(p-chlorophenylsulphonyl )diazomethane, methylsulphonyl-p-toluenesulpho- 
nyldiazomethane, cyclohexylsulphonyl(1 , 1 -dimethylethylsulphonyl)diazomethane. bis(1 , 1 -dimethylethylsulphonyl)dia- 
zomethane and phenylsulphonyl-(benzoyl)diazomethane. 

55 [0022] As specific examples of the sulphone compounds, there are p-ketosulphone compounds, p-sulphonylsul- 
phone compounds and the like. Preferred examples are 4-trisphenacy! sulphone, mesitylphenacylsulphone and 
bis(phenylsu!phonyl)methane. 

[0023] As examples of the sulphonic acid ester compounds, there are alkylsulphonic acid esters, haloalkylsul- 
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phonic acid esters, arylsulphonic acid esters, iminosulphonates and the like. As specific examples of sulphonic acid 
compounds, there are benzoin tosylate. pyrogallol trimesylate, nitrobenzyl-9,10-diethoxyanthracene-2-sulphonate and 
the like. 

[0024] As specific examples of the sulphonimide compounds there are N-(trif iuoromethylsulphonyloxy)succinimide, 
N-(tr*rfluoromethytsulphonyloxy)phthalimide, N-(trrfluoromethylsulphonyloxy)diphenylmaleimide, N-(trifluoromethyl- 
sulphonyloxy)bicyclo[2.2.1]hept-5-ene-2,3-dicarboxylimide, N-(trifluoromethylsulphonyloxy)-7-oxabicyc!o[2.2.1]hept-5- 
ene-2,3-dicarboxylimide, N-(trifluoromethylsulphon^oxy)bi^ N-(trifluor- 
omethylsulphonyloxy)naphthyidicarboxylimide, N-(camphanylsulphonyloxy)succinimide, N-(camphanylsulphohyloxy)- 
phthalimide, N-(camphanylsulphonyloxy)diphenyimaleimide, N-(camphanylsulphonyloxy)bicyclo[2.2. 1 ]hept-5-ene-2,3- 
dicarboxylimide, N-(carrphanylsulphonyloxy)-7-oxabicydo-[2.^^ N-(camphanyl- 
sulphonyloxy)bicyclo[2.2.1]heptan-5,6-oxy-2.3-dicarboxylimide, N-(camphanyfsulphonyloxy)naphthyldicarboxylimide, 
N.(4- me thy1phenylsulphonyloxy)succinimide, N-(4-methylphenylsulphonyloxy)phthalimide, N-(4-methylphenylsulpho- 
nyloxy)-diphenylmaleimide, N-(4-methylphenylsu!phonyloxy)bicyclo-[2.2. 1 ]hept-5-ene-2,3-dicarboxylimide. N-(4-meth- 
ylphenyl-sulphonyloxy)-7-oxabicyclo[2.2.1]hept-5-en-2,3-dicarboxylimide. N-(4-methylphenylsulphonyloxy)bicyclo- 
[2.2.1]heptane-5,6-oxy-2,3-<licarboxylimide. N-(4-methyl-phenylsulphonyloxy)naphthyidicarboxyIimide t N-(2-trifluor- 
omethylphenylsulphonyloxy)succinimide, N-(2-trifluoromethylphenylsulphonyloxy)phthalimide f N-(2-trifluoromethylphe- 
nylsulphonyloxy^iphenylmaleimide, N-(2-trifluoromethylphenylsulphonyloxy)bicyclo[2.2.1]hept-5-en-2,3<iicarboxy- 
limide, N-(2-trifluoromethy1pheny1sulphonyloxy^^ N-(2-tr'rfluorometh- 
ylphenylsulphonyloxy)bicyclo[2.2.1]heptane-5,6-oxy-2,3-dicarboxyimide, N-(2-trifluoromethyl-phenylsulphony- 
loxy)naphthyldicarboxy1imide. N-(4-fluorophenylsulphonyloxy)succinimide, N-(2-fluorophenylsulphonyloxy)- 
phthalimide, N-(4-fluorophenylsulphonyloxy)diphenylmaleimide, N-(4-fluorophenylsulphonyloxy)bicyclo[2.2.1]hept-5- 
ene-2,3-dicarboxylimide. N-(4-fluorophenyIsulphonyloxy)-7-oxabicyclo[2.2.1]hept-5-ene-2,3<li(»rboxylimide, N-(4- 
fluorophenylsulphonyloxy)bicyclo[2.2J N-(4-fluorophenylsulphonyloxy)naphthyl- 
dicarboxylimide and the like. 

[0025] These acid generating agents may be used on their own or they may be used as mixtures of two or more 
types. The amount of acid generating agent added is normally from 0.01 to 50 wt% in terms of the polymer, more pref- 
erably from 0.1 to 10 wt%. If there is less than 0.01 wt%, then pattern forming becoming impossible, while with more 
than 50 wt% the affinity for the developer liquid drops and development faults are generated. 

[0026] As the dissolution inhibitor C used along with the polymer B in the present invention, there can be employed, 
for example, a compound containing an acidic functional group such as a phenolic hydroxide group, a carboxyl group 
or a sulphoxy group, where the hydrogen atom of said acidic functional group has been replaced by an acid labile group. 
As examples of the compound with an acidic functional group employed here, there are hydroquinone, catechol, 
bisphenol A, hydroxyphenylacetic acid and 4-hydroxybenzenesulphonic acid. As examples of the acid labile group, 
there can be cited the acid labile groups used in the aforesaid polymer the aqueous alkali solubility of which is increased 
by the action of acid. In particular, the 1-ethoxyethyl group, t-butyl group, t-butoxycarbonyl group and tetrahydropyranyl 
group are preferably used. 

[0027] It is also possible to use a polymeric compound as the dissolution inhibitor C employed in the present inven- 
tion. As a polymeric dissolution inhibitor, there may be employed a polymer with hydroxy or carboxyl groups, where the 
hydroxy or carboxyl groups are protected by means of an aforesaid acid labile group. As specific examples of polymers 
with hydroxyl or carboxyl groups there are the polymers of at least one type of monomer with a polymerizable double 
bond such as hydroxystyrene, a-methylhydroxystyrene, a-chlorohydroxystyrene, vinylbenzoic acid, carboxymethylsty- 
rene, carboxymethoxystyrene, acrylic acid, methacrylic acid, crotonic acid, maleic acid, itaconic acid and cinnamic acid, 
and condensed polymers typified by novolac resins. As specific examples of the acid labile groups, there can be cited 
the acid labile groups employed in the aforesaid polymer the aqueous alkali solubility of which is increased by the action 
of acid. 

[0028] The amount of the dissolution inhibitor C added is from 0 to 150 parts by weight, preferably from 5 to 100 
parts by weight and more preferably 5 to 50 parts by weight per 100 parts by weight of the alkali-soluble polymer. 
[0029] Optionally, surfactants, sensitising agents, stabilizers, antifoaming agents, acid diffusion inhibitors and the 
like can be added to the positive-working radiation-sensitive composition of the present invention. 
[0030] The positive-working radiation-sensitive composition of the present invention is obtained by dissolving the 
aforesaid components in a solvent. There are no particular restrictions on the amount of solvent used, but preparation 
is performed such that the solids content is from 5 to 35 wt%. Preferred solvents employed are a solvent or mixture of 
solvents selected from ethyl acetate, butyl acetate, amyl acetate, ethyl propionate, methyl butyrate. methyl benzoate, 
methyl lactate, ethyl lactate, ethyl pyruvate, methyl (J-isobutyrate, methyl 3-methoxypropionate, ethyl 3-ethoxypropion- 
ate. y-butyrolactone and other such esters. Methyl Cellosolve, Ethyl Cellosolve, Butyl Cellosolve and other such Cello- 
solves, Methyl Cellosolve Acetate. Ethyl Cellosolve Acetate, Butyl Cellosolve Acetate and other such Cellosolve esters, 
propylene glycol monomethyl ether acetate, propylene glycol monoethyl ether acetate and other such propylene glycol 
esters. 1 .2-dimethoxyethane, 1 ,2-diethoxyethane. tetrahydrofuran. anisole and other such ethers, methyl ethyl ketone, 
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methyl isobutyl ketone, methyl rvamy! ketone, cyclohexanone, isophorone and other such ketones, and dimethyiforma- 
mide, dimethylacetamide, N-methylpyrrolidone. dimethylsulphoxide. sulfolane and other such non-protic polar solvents. 
[0031] The positive-working radiation-sensitive composition of the present invention is applied onto the substrate 
undergoing processing, and dried, and ordinarily it is employed In the form of a thin film of film thickness from 0.2 \um 
5 to 2 jim. A fine pattern can be obtained by subjecting this thin film to pattern exposure using radiation such as ultraviolet, 
deep ultraviolet an electron beam, X-rays or the like, and then carrying out development. In particular, there is a great 
effect in the case of pattern exposure using an electron beam or X-rays. The use of an electron beam gives an espe- 
cially marked effect. 

[0032] The developing of the radiation sensitive composition of the present invention can be conducted using a 
w known developer. As examples, there are aqueous solutions containing one or more inorganic alkali such as the hydrox- 
ide, carbonate, phosphate, silicate or borate of an alkali metal, an amine such as 2-diethylaminoethanol, monoeth- 
anolamine or diethanolamine, or a quaternary ammonium compound such as tetramethyiammonium hydroxide or 
choline. 

is Examples 

[0033] Below, the present invention is explained in still more specific terms by providing examples. 
Synthesis Example 1 

20 

[0034] 32 g of a-chloroacrylic acid was dissolved in 600 ml of dichloromethane and, to this, 20 ml of methanesul- 
phonic acid and 300 ml of isobutylene were added at -5°C. After stirring for 30 hours at room temperature, the reaction 
liquid was poured into 500 ml of saturated aqueous sodium bicarbonate solution and the dichloromethane layer sepa- 
rated off. After drying with anhydrous sodium sulphate, the solvent was distilled off and t-butyl a-chloroacrylate 

25 obtained. 1 0 g of the t-butyl a-chloroacrylate obtained plus 200 mg of azobisisobutyronitrile were dissolved in 1 00 ml of 
toluene and reaction carried out at 80°C. Poly-t-butyl a-chloroacrylate was obtained. The molecular weight of the copol- 
ymer obtained determined by gel permeation chromatography (GPC) was, by polystyrene conversion, a number aver- 
age molecular weight of 215,000 and a weight average molecular weight of 537,000. The polymer obtained was 
irradiated with an electron beam, and the value of the main chain scission efficiency Gs calculated from the number 

30 average molecular weight determined by GPC was 3.8. 

Synthesis Example 2 

[0035] 11 g of a-chloroacrylic acid, 12 g of methyl a-chloroacrylate and 400 mg of azobisisobutyronitrile were dis- 
35 solved in 200 ml of toluene, and reaction carried out at 80°C. Copolymer was obtained. The molecular weight of the 
copolymer obtained determined by gel permeation chromatography (GPC) was, by polystyrene conversion, a number 
average molecular weight of 270,000 and a weight average molecular weight of 756,000. The polymer obtained was 
irradiated with an electron beam, and the main chain scission eff iciency Gs calculated from the number average molec- 
ular weight determined by GPC was 3.2. 

40 

Synthesis Example 3 

[0036] 10 g of t-butyl a-chloroacrylate obtained in the same way as in Synthesis Example 1 and 200 mg of azobi- 
sisobutyronitrile were dissolved in 100 ml of benzene, and polymerization carried out at 60°C. Poly-t-butyl a-chloroacr- 
45 ylate was obtained. The molecular weight of the polymer obtained determined by gel permeation chromatography 
(GPC) was, by polystyrene conversion, a number average molecular weight of 425000 and a weight average molecular 
weight of 1 .130.000. The polymer obtained was irradiated with an electron beam, and the main chain scission efficiency 
Gs calculated from the number average molecular weight determined by GPC was 4.1 

so Synthesis Example 4 

[0037] 1 0 g of t-butyl a-chloroacrylate obtained in the same way as in Synthesis Example 1 , 60 mg of dodecanethiol 
and 200 mg of azobisisobutyronitrile were dissolved in 100 ml of toluene, and polymerization carried out at 80°C. Poly- 
t-butyl a-chloroacrylate was obtained. The molecular weight of the polymer obtained determined by gel permeation 
55 chromatography (GPC) was. by polystyrene conversion, a number average molecular weight of 16,300 and a weight 
average molecular weight of 58,600. The polymer obtained was irradiated with an electron beam, and the main chain 
scission efficiency Gs calculated from the number average molecular weight determined by GPC was 4.0. 
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Synthesis Example 5 

[0038] 1 1 g of a-chloroacrylic acid, 12 g of methyl a-chloroacrylate, 120 mg of dodecanethiol and 400 mg of azobi- 
sisobutyronitrile were dissolved in 200 ml of toluene, and reaction carried out at 80°C. Copolymer was obtained. The 
s molecular weight of the copolymer obtained determined by gel permeation chromatography (GPC) was. by polystyrene 
conversion, a number average molecular weight of 22,000 and a weight average molecular weight of 82,000. The pol- 
ymer obtained was irradiated with an electron beam, and the value of the main chain scission efficiency Gs calculated 
from the number average molecular weight determined by GPC was 3.5. 

w Synthesis Example 6 

[0039] 10 g of t-butyl methacrylate and 200 mg of azobisisobutyronitrile were dissolved in 100 ml of toluene, and 
reaction carried out at 80°C. Poly-t-butyl methacrylate was obtained. The molecular weight of the polymer obtained 
determined by gel permeation chromatography (GPC) was, by polystyrene conversion, a number average molecular 
15 weight of 264,000 and a weight average molecular weight of 713,000. The polymer obtained was irradiated with an 
electron beam, and the value of the main chain scission efficiency Gs calculated from the number average molecular 
weight determined by GPC was 2.3. 

Synthesis Example 7 

20 / 

[0040] 8.5 g of methacrylic acid, 10 g of methyl methacrylate and 400 mg of azobisisobutyronitrile were dissolved 
in 200 ml of toluene, and reaction carried out at 80°C. The molecular weight of the polymer obtained determined by gel 
permeation chromatography (GPC) was, by polystyrene conversion, a number average molecular weight of 610,000 
and a weight average molecular weight of 1 ,530,000. The polymer obtained was irradiated with an electron beam, and 
25 the value of the main chain scission efficiency Gs calculated from the number average molecular weight determined by 
GPC was 1 .3. 

Synthesis Example 8 

so [0041] 10 g of a-chloroacrylic acid and 7.1 g of ethyl vinyl ether were reacted together in dichloromethane for 4 
hours at room temperature. After distilling off the solvent, 1 -ethoxy ethyl a-chloroacrylate was obtained. 10 g of the 1- 
ethoxyethyl a-chloroacrylate obtained and 200 mg of azobisisobutyronitrile were dissolved in 100 ml of benzene, and 
polymerization carried out at 60°C. Poly-1 -ethoxyethyl a-chloroacrylate was obtained. The molecular weight of the pol- 
ymer obtained determined by gel permeation chromatography (GPC) was, by polystyrene conversion, a number aver- 

35 age molecular weight of 75,000 and a weight average molecular weight of 188,000. The polymer obtained was 
irradiated with an electron beam, and the value of the main chain scission efficiency Gs calculated from the number 
average molecular weight determined by GPC was 3.8. 

Synthesis Example 9 

40 

[0042] 41 .6 g of phosphorus pentachloride was dispersed in 150 ml of ether and then, while stirring and cooling in ( 
an ice-water bath, there was added dropwise, from a dropping funnel, a solution of 17 g of cyanoacetic acid dissolved 
in 50 ml of ether. Directly after the completion of the dropwise addition, the ether and phosphorus oxychloride were 
driven off with an evaporator and 1 50 ml of tetrahydrofuran added to the residue. While stirring at 50°C, 15.6 g of t-buta- 

45 nol was added dropwise. Following the dropwise addition, the reaction was continued for 8 hours, after which the t-butyl 
cyanoacetate was obtained by distillation. A suspension of 19.8 g of the t-butyl cyanoacetate obtained, 1 10 ml of ben- 
zene, 4.2 g of paraformaldehyde, 1 g of piperidine hydrochloride and 1 g of glacial acetic acid was heated and water 
eliminated while refluxing. After water no longer was given off, the benzene was distilled off. The residue was cooled, 
after which it was dissolved in acetone and reprecipitated in water. The resinous material was collected by decanting, 

so then redissolved in acetone and subjected to thermal decomposition and distillation under reduced pressure. t-Butyl a- 
cyanoacrylate was obtained. 5 g of the t-butyl a-cyanoacrylate obtained and 100 mg of azobisisobutyronitrile were dis- 
solved in 50 ml of tetrahydrofuran, and polymerization carried out at 60°C. Poly-t-butyl a-cyanoacrylate was obtained. 
The molecular weight of the polymer obtained determined by gel permeation chromatography (GPC) was, by polysty- 
rene conversion, a number average molecular weight of 32,000 and a weight average molecular weight of 98,000. The 

55 polymer obtained was irradiated with an electron beam, and the value of the main chain scission efficiency Gs calcu- 
lated from the number average molecular weight determined by GPC was 3.8. 
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Synthesis Example 1 0 

[0043] 45.3 g of a-bromoacrylic acid, 30 g of 2,3-dihydro-2H-pyran and 0.1 g of p-toluenesulphonic acid were dis- 
solved in 300 ml of dichloromethane, and stirring carried out for 4 hours at room temperature. The reaction solution was 
5 washed with aqueous sodium bicarbonate solution, the dichloromethane distilled off and tetrahydropyranyl a-bromoacr- 
ylate obtained. 10 g of the tetrahydropyranyl a-bromoacrylate obtained and 200 mg of azobisisobutyronitrile were dis- 
solved in 100 ml of toluene, and reaction carried out at 80°C. Polytetrahydropyranyl a-bromoacrylate was obtained. The 
molecular weight of the polymer obtained determined by gel permeation chromatography (GPC) was, by polystyrene 
conversion, a number average molecular weight of 88,000 and a weight average molecular weight of 237,000. The pol- 
io ymer obtained was irradiated with an electron beam, and the value of the main chain scission efficiency Gs calculated 
from the number average molecular weight determined by GPC was 3.6. 

Example 1 

is [0044] 5 g of the poly-t-butyl a-chloroacrylate obtained in Synthesis Example 1 and 1 00 mg of triphenylsulphonium 
triflate were dissolved in ethyl lactate, filtered with a 0.1 um filter and a resist composition obtained. The resist compo- 
sition obtained was spin-coated onto a silicon wafer, after which heating was carried out for 3 minutes at 100°C, and a 
resist film of film thickness 1 .0 um obtained. Using an electron beam exposure device, this resist film was subjected to 
electron beam irradiation in a pattern shape at an acceleration voltage of 20 kV. After heating for 1.5 minutes at 100°C, 

20 developing was carried out with tetramethylammonium hydroxide. A 0.1 5 um pattern was obtained at an exposure dose 
of 1.0 uC/cm 2 

Example 2 

25 [0045] A resist film was obtained on a silicon wafer in the same way as in Example 1 . This resist film was exposed 
using a KrF eximer laser stepper, and then heated for 1 .5 minutes at 100°C, after which developing was carried out with 
tetramethylammonium hydroxide. A 0.20 um pattern was obtained at an exposure dose of 20 mJ/cm 2 . 

Example 3 

30 

[0046] 5 g of the copolymer of a-chloroacrylic acid and methyl a-chloroacrylate obtained in Synthesis Example 2, 
2 g of 1.4-bis(t-butoxycarbonyloxy)benzene as a dissolution inhibitor, and 100 mg of triphenylsulphonium triflate were 
dissolved in ethyl lactate, filtered with a 0.1 um filter, and a resist composition obtained. After spin-coating the resist 
composition obtained onto a silicon wafer, heating was carried out for 3 minutes at 100°C and a resist film of film thick- 
35 ness 1 .0 jim obtained. Using an electron beam exposure device, this resist film was subjected to electron beam irradi- 
ation in a pattern shape at an acceleration voltage of 20 kV. After heating for 1.5 minutes at 100°C, developing was 
carried out with tetramethylammonium hydroxide. A 0.1 5 um pattern was obtained at an exposure dose of 1 .0 uC/cm 2 . 

Example 4 

40 

[0047] 5 g of the poly-t-butyl a-chloroacrylate obtained in Synthesis Example 3 and 250 mg of triphenylsulphonium 
triflate were dissolved in ethyl lactate, then filtered with a 0.1 um filter and a resist composition obtained. The resist com- 
position obtained was subjected to electron beam exposure and development in the same way as in Example 1 . A 0.25 
um pattern was obtained at an exposure dose of 5.5 uC/cm 2 . 

45 

Example 5 

[0048] 5 g of the poly-t-butyl a-chloroacrylate obtained in Synthesis Example 4 and 250 mg of triphenylsulphonium 
triflate were dissolved in ethyl lactate, then filtered with a 0.1 um filter and a resist composition obtained. The resist corn- 
so position obtained was subjected to electron beam exposure and development in the same way as in Example 1. A0.15 
um pattern was obtained at an exposure dose of 0.7 uC/cm 2 

Example 6 

55 [0049] A resist composition was obtained, electron beam exposure conducted and developing performed in the 
same way as in Example 3, excepting that there was used the copolymer of a-chloroacrylic acid and methyl a-chloro- 
acrylate obtained in Synthesis Example 5. A 0.15 um pattern was obtained at an exposure dose of 0.8 uC/cm 2 . 



8 



EP 1 031 880 A1 



Example 7 

[0050] 5 g of the poly-1-ethoxyethyl a-chloroacrylate obtained in Synthesis Example 8 and 100 mg of pyrogallol tri- 
mesyiate were dissolved in propylene glycol monomethyl ether acetate, then filtration carried out with a 0.1 ^m filter and 
5 a resist composition obtained. The resist composition obtained was subjected to electron beam exposure and develop- 
ment in the same way as in Example 1 . A 0.25 um pattern was obtained at an exposure dose of 1 .0 nC/cm 2 . 



Example 8 

10 [0051 ] 2 g of the poly-t-butyl a-cyanoacrylate obtained in Synthesis Example 9 and 1 00 mg of diphenyliodonium tri- 
flate were dissolved in ethyl lactate, then filtration carried out with a 0.1 urn filter and a resist composition obtained. The 
resist composition obtained was subjected to electron beam exposure and development in the same way as in Example 
1. A 0.25 jim pattern was obtained at an exposure dose of 6.0 nC/cm 2 . 



is Example 9 

[0052] 5 g of the polytetrahydropyranyl a-bromoacrylate obtained in Synthesis Example 10 and 250 mg of N-(4- 
methylphenyisulphonyloxy)phthalimide were dissolved in ethyl lactate, then filtration carried out with a 0.1 ^m filter and 
a resist composition obtained. The resist composition obtained was subjected to electron beam exposure and develop- 
20 ment in the same way as in Example 1 . A 0.25 urn pattern was obtained at an exposure dose of 1 .5 nC/cm 2 . 



Comparative Example 1 

[0053] A resist film was obtained, electron beam exposure carried out and developing performed in the same way 
as in Example 1 , excepting that there was used the poly-t-butyl methacrylate obtained in Synthesis Example 6 instead 
of the poly-t-butyl a-chloroacrylate employed in Example 1 . Only a 0.40 urn pattern was obtained at an exposure dose 
of 8.0 jiC/cm 2 . In terms of sensitivity and resolution, adequate properties were not obtained. 



Comparative Example 2 

30 

[0054] A resist film was obtained in the same way as in Example 3 excepting that there was used the copolymer of 
methacrylic acid and methyl methacrylate obtained in Synthesis Example 7 instead of the copolymer obtained in Syn- 
thesis Example 2, after which electron beam exposure was carried out and developing performed in the same way as 
in Example 1 . Only a 0.45 \um pattern was obtained at an exposure dose of 8.5 ^C/cm 2 . In terms of sensitivity and res- 
35 olution, adequate properties were not obtained. 

Comparative Example 3 

[0055] A resist film was obtained on a silicon wafer in the same way as in Example 1 , excepting that there was used 
40 the poly-t-butyl methacrylate obtained in Synthesis Example 6 instead on the poly-t-butyl a-chloroacrylate. This resist 
film was exposed using a KrF eximer laser stepper and, after heating for 1.5 minutes at 100°C. developing was per- 
formed with tetramethylammonium hydroxide. Only a 0.6 urn pattern was obtained at an exposure dose of 45 mJ/cm . 
In terms of sensitivity and resolution, adequate properties were not obtained. 



45 Industrial Application Potential 

[0056] By employing, in the positive-working radiation-sensitive composition of the present invention, a polymer 
which readily undergoes main chain scission by irradiation with radiation as the binder resin of a chemically amplified 
resist, it is possible to obtain a composition of high resolution and high sensitivity. 

50 
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Positive-Working Radiation-Sensitive Composition Table 1 

[0057] 
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Polymer 


Development Properties 


Composition 


Mo 


Mw 


Gs 


Exposure 


Pattern 
(jim) 


Example 1 


poly-t-bu!yi a-chloroacrylate 


215000 


537000 


.3.8 


1-0 nC/cro* 


0.15 


Example 2 


poly-t-butyi a-chloroacrylate * 


215000 


537000 


3.8 


20 nJ/cm x 


0^0 


Example 3 


a-chloro aery lie ado/methyl o> 
chloroacrylate (11A2 by weight) 




756000 


3.2 


1.0 HC/ctn 1 


0.15 


270000 


Example 4 


poly-t-butyl a-chloroacrylate 


425000 


1130000 


4.1 


5_5 txC/cm 1 


0^5 


Example 5 


poly-l-butyl a-chloroacrylate 


16300 


58600 


4.0 


0.7 kC/ot 2 


0.15 


Example 6 


a-chldroacrylic add/methyl a- 
cbloroacrylate (11A2 by weight) 


22000 


82000 


3.5 


0.8 pOcm 1 


0.15 


Example 7 


poly-l-eihoxyethyl a-chloroacrylate 


75000 


188000 


3.8 


IX) nC/an* 


0.25 


Example 8 


poly-t-butyl a-cymnoacrylate 


32000 


98000 


2.8 


6.0 pX7cm 3 


025 


Example 9 


poJytcirahydropyranyl a-bromoacrylate 


88000 


237000 


3.6 


IS nC/cn> 2 


0.25 


CompJEx.l 


poly-t-butyl methacrylate 


264000 


713000 


2.3 


8.0 nOcrn 3 


0.4 


Cnmp Ft 7 


methacrylic add/methyl methacrylate 
(8^/10 by weight) 


610000 


1530000 


13 


83 jiC/cm* 


0.45 


Comp£x3 


poly-t -butyl methacrylate 


264000 


713000 


23 


45 mJ/cm 1 


0.6 
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Claims 

30 1 . A positive-working radiation-sensitive composition which is characterized in that it is a positive-working radiation- 
sensitive composition containing 

(1) polymer A, the solubility of which, in aqueous alkali solution, is increased by the action of acid, and/or 

35 (2) alkali-soluble polymer B and compound C which has the effect of suppressing the alkali solubility of said 

polymer B and the suppression effect of which is lowered or eliminated by the action of acid, and 

(3) a compound which generates acid by irradiation with radiation, 

and the ease of occurrence of main chain scission of said polymer A or B by means of radiation is greater than 
40 that of polym ethyl methacrylate. 

2. A positive-working radiation-sensitive composition according to Claim 1 where polymer A is an indispensable com- 
ponent. 

45 3. A positive-working radiation-sensitive composition according to Claim 1 where polymer B and compound C which 
has the effect of suppressing the alkali solubility of said polymer B and the suppression effect of which is lowered 
or eliminated by the action of acid are indispensable components. 

4. A positive-working radiation-sensitive composition according to Claim 1 which is characterized in that the value of 
so the main chain scission efficiency Gs of polymer A or polymer B by radiation is at least 2.5. 

5. A positive-working radiation-sensitive composition according to Claim 2 which is characterized in that the value of 
the main chain scission efficiency Gs of polymer A or polymer B by radiation is at (east 3.0 to 50. 

55 6. A positive-working radiation-sensitive composition according to Claim 1 which is characterized in that, in polymer 
A or B, the content of monomer units A or B represented by the following general formula is at least 10 mol%. 
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— f C H 



R ' 
I 

i 

C O O R 2 



10 



is 



Here 



8. 



R 1 represents a halogen atom or cyano group. In the case of monomer units B, R is a hydrogen ^atomora 
r to c o oTaSic group which has (an) acidic functional group(s). In the case of monomer units A. R represents 
S Sid VSZSZR TSn tganic group with (an) acidic functions. group(s) where hydrogen atom(s) thereof is (are) 
replaced by one or more type(s) of acid labile group(s). 

A positive-working radiation-sensitive composition according to Claim 6 which is characterized in that R 1 in mono- 
mer units A or B is a halogen. 

a workino radiation-sensitive composition according to Claim 6 which is characterized in that the acid labile 

SXi sheeted from the group comprising tertiary alky! groups, 1 -a.Koxya.Ky. groups and the 



20 tetrahydropyranyl group. 



q a nositive-worKinq radiation-sensitive composition according to Claim 3 which is characterized in that compound C 
wfich nis re eS suppressing the a.Kali so.ubi.ity of polymer B arx, the suppression effect of which ,s lowered 
nr bv the action of acid, is a compound selected from the group comprising hydroqu.none, catechol, 

acid and 4-Mroxybenzenesu.phonic acid, hydrogen atom(s) 
S gntup[s7of J3* has been replaced by acid labile group(s) selected from the group comprising the 1 -ethox- 
yethyl group, t-butyl group, t-butoxycarbonyl group and tetrahydropyranyl group. 

10 A pos^e-working radiation-sensitive composition according to Claim 3 which is characterized in that, in polymer 
A or B the content of monomer units A or B is at least 20 mol%. 

ystyrene conversion. 

ystyrene conversion. 

ystyrene conversion. 

14. A positive-worKing radiation-sensHive composition according to Claim 1 which is characterized in that the radiation 
45 source employed is an electron beam or X-rays. 
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